SUMMARY Albuminuria was studied in 40 diabetic children before and after a standardised exercise test, and also in 21 normal children; the results are expressed as geometric mean (95% range) of urine albumin:urine creatinine ratio (mg/mg). There was no significant difference between the mean resting albumin:creatinine ratio in the two groups, or between these ratios before and after exercise in the normal children. In the diabetic children, however, the mean urine albumin:creatinine ratio after exercise was significantly higher than both the value before exercise and the postexercise value of the normal children, with 10 of 40 diabetic children showing a value after exercise greater than the 95% range of the geometric mean of the control group.
Although renal microvascular complications of diabetes are rarely seen in childhood, early morphological changes are visible on renal biopsy within a few years of onset in virtually all patients;' and yet only 30 to 35% will progress to clinical diabetic nephropathy.2 In this 35% there is a variable 'silent' period, during which, although there is histological evidence of advancing nephropathy, proteinuria is not detectable by standard clinical methods using a reagent strip (Albustix, Ames), and once overt proteinuria is established there is a relentless fall in glomerular filtration rate towards end stage renal failure within a few years.' 3 Several studies, mainly in adults, have shown that before the onset of overt proteinuria, many diabetics have a higher mean urinary albumin excretion rate than normal subjects, and that this early 'microalbuminuria' is at least partially correctable by strict metabolic control.4 Other studies have delineated low and high risk groups for the development of diabetic nephropathy on the basis of overnight albumin excretion rates before the onset of overt proteinuria.5
Exercise increases urinary albumin excretion. During exercise it seems likely that the glomerulus becomes leaky when a higher filtration pressure operates. If the membrane is already abnormal or stressed in some way the increased leak will occur at a lower threshold and to a more noticeable degree. Thus it may be possible to identify a subgroup within the diabetic population at particular risk of developing diabetic nephropathy at the early stage of slightly raised albumin excretion using exercise as a probe to unmask latent glomerular damage.
Previous studies have been mainly in adults and have involved the use of albumin clearance or excretion rates;69 these studies are difficult to perform in children because of the problems of collection of accurately timed and measured volumes of urine.
The use of the urine albumin: urine creatinine ratio minimises the errors due to variations in the glomerular filtration rate and has been shown to be a useful measure of overall glomerular permeability,'0 although it does not take account of nephron hyperfiltration or tubular reabsorption. The albumin:creatinine ratio on random specimens has been shown to correlate well with the albumin excretion ratel' 11 and has the advantage of not requiring timed and measured urine collection.
In this pilot study the urine volumes and collection times for diabetic children were noted and blood samples were taken before the start of exercise to allow comparison between the albumin: 305 creatinine ratio and albuinin excretion rate, and between creatinine clearance before and after exercise. Each child was asked to empty the bladder on arrival; a random urine sample and midstream sample of urine were obtained. The child then spent one hour at rest (sitting) before emptying the bladder to provide the pre-exercise urine sample and then performed a 15 minute period of exercise on the bicycle ergometer at 2 watts/kg body weight, followed by a further 45 minutes sitting at rest, at the end of which a final urine sample was collected.
Patients and methods
The urine samples were assayed for albumin using a double antibody radioimmunoassay,12 and for creatinine by standard picric acid autoanalyser technique (SMA 1260). Blood was assayed for creatinine, albumin, and glycosylated haemoglobin (Corning).
In addition, the diabetic group was also studied with multiple random urine samples collected on clinic visits and a timed 24 hour urine collection split into daytime (erect) and overnight (supine) samples collected during the 24 hours before the exercise test.
Data on albumin excretion expressed as the albumin excretion rate or albumin:creatinine ratio were not normally distributed and have been log transformed to achieve a Gaussian distribution for statistical analysis. The geometric means and 95% range limits quoted are derived from the antilog of the mean of the transformed data and twice its Baum standard deviation. Data on creatinine clearance expressed as ml/minute per 1-73 m2 were normally distributed and are quoted as arithmetic mean (SD). Statistical analysis has been carried out using paired and Student's t tests and correlation coefficients.
Ethical permission for the study was obtained from the Northampton General Hospital Ethical Committee.
Results
Exercise test. There was no significant difference between the mean pre-exercise albumin:creatinine ratio for the diabetic and the control groups, and no significant difference between the mean albumin: creatinine ratios before and after exercise in the control group (Table 1 ). The diabetic children showed a significantly higher mean ratio after exercise, however, compared with both their preexercise values (P<0-0001) and the post-exercise value for control children (P<0-004). The untransformed urinary albumin:creatinine ratios for individual children are shown in the Figure. Most of the diabetic children did not show an increase in the urinary albumin:creatinine ratio with the stress of exercise, but some seemed to show an increase after exercise which was not seen in the control group. Ten of 40 children with diabetes had an increase in this ratio after exercise greater than the 95% range for the control group. There is close correlation between values for the albumin excretion rate and the urinary albumin: creatinine ratio both before (r=0-79, P<0-0001) and after exercise (r=0-92, P<0-0001), and similar results are found using the albumin clearance or albumin excretion rate rather than the albumin: creatinine ratio as the measure of albuminuria.
The increase in albuminuria is not accounted for by a change in creatinine clearance as there was no significant difference between the clearances before and after exercise in the group as a whole (before exercise 110 (28) ml/minute per 1-73 mi2; after exercise 109 (28) ml/minute per i-73 m2) nor in the subgroup with a high albumin:creatinine ratio after exercise (before exercise 104 (26) There was close correlation between urinary albumin:creatinine and albumin excretion rate values on both erect (r=0-881, P<0-0001) and supine collections of urine (r=0-832, P<0-0001).
Although there was a trend towards lower albumin excretion in overnight compared with daytime specimens as measured by the urinary albumin: creatinine ratio and the albumin excretion rate, this did not reach significance in the group as a whole or in the two subgroups of normal and abnormal responders to exercise (Table 2) .
Comparing split 24 hour urine data in the subgroup of patients with a high urinary albumin: creatinine ratio after exercise (greater than 0.027) with values of patients with a normal ratio after exercise, there was no difference between the two groups for values of erect or supine creatinine clearance or supine urinary albumin:creatinine and albumin excretion rate values. Values of erect albuminuria showed a trend to be higher in the subgroup with a high albumin:creatinine ratio after exercise; reaching significance expressed as erect albumin excretion rate (P<0.02) but just failing to reach this when expressed as erect albumin:creatinine (P=0-051).
There was no significant difference in creatinine clearance, between either erect and supine samples or between the subgroups. Table 2 Erect (daytime) and supine (overnight) urinary albumin:creatinine (UAIUC) and albumin excretion rate (AER) (geometric mean (95% range)) and creatinine clearance (mean (SD)) for all diabetic group and for subgroups with high or normal UA/UC after exercise There was no correlation between albumin:creatinine or albumin excretion rate for erect specimens and patient age, duration of diabetes, or glycosylated haemoglobin. Similarly, there was no correlation between the albumin:creatinine ratio or the albumin excretion rate on supine specimens and duration of diabetes or glycosylated haemoglobin. There was, however, a slight correlation between supine albumin excretion rate and patient age (r=0373; P<005); supine albumin:creatinine ratio failed to reach significance.
Discussion
A proportion of the diabetic children studied showed an increase in urinary albumin excretion after exercise which was not seen in the control group. The diabetic children all had a resting urinary albumin:creatinine ratio within the normal range but in 10 of 40 the ratio after exercise was greater than the 95% range of the normal geometric mean (0-027 mg/mg) established by the control group.
None of these 10 children would have been consistently identifiable on random urinary albumin measurement and none would have been categorised as abnormal on 24 hour or overnight urine albumin excretion. 13 There was no significant difference between the two groups of diabetic children with high or normal ratios after exercise in terms of duration of disease (mean (SD), 5-6 (3.7) years v 4-7 (3.2) years respectively or glycosylated haemoglobin (11-9 (2.6)% v 11*2 (2.3)% respectively).
The group with a high urinary albumin:creatinine ratio was slightly older (mean (SD), (1-6) years v 12*2 (1-8) years; P<0-02), seven were girls (five postpubertal) and three were boys (all postpubertal). The slight excess of girls in the abnormal group (original sex ratio of group 1-5:1) raises the possibility of contamination by vaginal secretion of post exercise samples in postpubertal subjects, but the increase was not seen in postpubertal control girls and the albumin specific assay should minimise this error.
A previous study of albuminuria in a population of normal children has shown higher albumin excretion in girls than boys, and in daytime urine than in overnight urine.13 A slight increase in albuminuria with age was shown if expressed as the albumin excretion rate but not as the albumin: creatinine ratio, although the authors also found good correlation between these two values.
Studies in adult patients have shown an increased mortality and morbidity in diabetic patients with an overnight albumin excretion rate above 30 ,ug/ minute.5 All our patients had an overnight albumin excretion of less than 30 [ig1minute and only tour had an overnight rate greater than 7 [tg/minute (above the 95% range established in normal children range),13 three of whom also had a high urinary albumin:creatinine ratio after exercise.
Improved blood glucose control by the use of continuous subcutaneous insulin infusion has been shown to correct exercise induced albuminuria in adults.9 The use of the albumin:creatinine ratio and an exercise stress test to unmask latent glomerular disease provides an easily performed outpatient test for diabetic patients that may serve to identify those children at particular risk of developing overt diabetic nephropathy, and thereby allow intervention at a stage when these early changes may be reversible by strict metabolic control. The relevance of these findings will, however, only be apparent after long term follow up.
Paediatricians may not always be aware that nearly half of all diabetic children will eventually develop diabetic nephropathy. Once present, it defies all treatment progressing almost without exception to end stage renal disease. Diabetic nephropathy is rarely seen in paediatric practice because the first clinical sign of it, proteinuria, is not evident until the duration of juvenile diabetes mellitus exceeds 10 years.
The issue of diabetic nephropathy is, however, brought much closer to those caring for diabetic children by the recent findings indicating tha '_ubtle renal functional changes may be present from the very onset of diabetes. In adult diabetics, the presence of two early abnormalities seems well established. Firstly 
